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Introduction  
 
The following report describes the activities carried out during a 12-week, full-time internship at the 
STARLAB LTD, UK Office. The document contains information about the organization and the 
responsibilities performed throughout the period between 16th of February and 16th of May 2015. More 
than a plain account of tasks, the objective of this text is to reflect upon the experiences collected 
during the internship from the perspective of a PhD student in Urban Management Field. 
The first part of the report offers an overview of the organization, followed by the working plan initially 
agreed upon with the company and approved by the Barcelona Tech University as a suitable internship. 
Following, it proceeds to describe in some detail the most relevant tasks carried out and their 
respective analysis. Finally, the report wraps-up with a few closing remarks and conclusions from the 
experience. 
Starlab Ltd 
 
Starlab is a high-tech company innovating in two fields since 2000: Space and Neuroscience. Starlab's 
mission is to transform science into technologies with a profound positive impact on society. Our 
vision is to make science more useful, alive, vibrant, and faster. They focuses on creation of new 
technologies, value added information products and spin-off creation. They are currently organized in 
two business units: Neuroscience Research, Neurokai (neuromonitoring and neuromodulation 
services), Star2Earth (Earth Observation products and services) and Space Technology (Space tech 
research, simulation and performance analysis). 
Working Plan  
 
Scuda Project  
The main project to be carried out during the internship was to work on the Scuda Project that was an 
Earth Observation Support for Asian Development Bank Activities (Secondary cities urban development 
in Armenia) to provide key information to support the creation of a priority list of urban investment 
projects and improvements in the selected cities.  
 
In that project I was in charge to complete the digitizing process for the satellite images provided for 
the selected cities on one hand, and on the other hand to examine the continuity and discontinuity of 
the built up area for 2003 and 2013 for each city in order to observe the changes.   
 
GIS and Remote sensing practices 
During the second part of the internship was focusing on some of GIS and Remote sensing application 
in which I have learned how to obtain the Landsat satellite images, how to open them on ENVI (Envi is 
the abbreviation of word phrases The Environment for Visualizing Images and this is the name for the 
software system to evolve and advanced image processing), how to process them to be useful for 
information extraction and classification and how to export them to ArcMap (as a shape file in order to 
apply some urban morphology indicators (ArcMap is the main component of Esri's ArcGIS suite of 
geospatial processing programs, and is used primarily to view, edit, create, and analyze geospatial data.  
 
The next slides show the work I have done exploiting the experience I learned from the Scuda 
project  
 
The Title 
The site of Mina within Makkah urban cover change between 1998 and 2013  
Objectives  
Analyzing the urban cover change of Makkah between 1998 and 2013 in order to find out:  
1- How much have changed the urban cover of Makkah  
2- The pattern and the directions of the growth. 
3- Comparison between the growth of the different part of Makkah.  
4- How important the part where Mina is located among the other parts  
5- The change of the Entropy and the compactness of the urban cover and how their impact on 
the site if Mina could be.  
6- The location of Mina and its relation with the social and economic spot of Makkah.  
Methods  
Multi-temporal satellite images analysis using the Remote sensing and GIS application to extract data 
as much as possible from Landsat Satellite images of Makkah for the years of 1998, 2003, 2008 and 
2013  
Source 
Download Landsat satellite images from EarthExplorer (USGS)   
http://earthexplorer.usgs.gov/ 
 
Software  
ENVI 5.1 , ArcMap 10, Excel and PowerPoint . 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Working Plan 
A) Landsat satellite imagery download 
Year Satellite 
Sensor type 
(Dataset) 
Acquisition 
Date 
Spatial 
Resolution 
1998 LANDSAT_5 TM  8/25/1998 30 m 
2003 LANDSAT_7 ETM+  8/15/2003 30 m 
2008 LANDSAT_7 ETM+  8/28/2008 30 m 
2013 LANDSAT_7 ETM+  8/26/2013 30 m 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
2003 1998 
2008 2013 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
B) Filling Gaps in Landsat ETM Images 
On 31 May 2003 the Landsat 7 
Enhanced Thematic Mapper (ETM) 
sensor had a failure of the Scan Line 
Corrector (SLC). Since that time all 
Landsat ETM images have had wedge-
shaped gaps on both sides of each 
scene, resulting in approximately 22% 
data loss. Scaramuzza, et al (2004) 
developed a technique which can be 
used to fill gaps in one scene with 
data from another Landsat scene. A 
linear transform is applied to the 
“filling” image to adjust it based on 
the standard deviation and mean 
values of each band, of each scene. 
This can be applied by using ENVI 
software and install the plugin 
landsat_gapfill.sav in the proper ENVI 
install folder. Below you can see an 
example of this gap-filling technique 
as applied to a pair of Landsat ETM 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
B) Pan-sharpening Satellite Images 
This technique to increase image quality. Pan-sharpening produces a high-resolution color 
image from three, four or more low-resolution multispectral satellite bands plus a 
corresponding high-resolution panchromatic bands: 
 
High-res grayscale band + Low-res color bands = Hi-res color image 
Resolution 15 m Resolution 30 m 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
C) Region of interest selection 
It is important to define and select the region of our interest (Makkah city) in order to 
facilitate the rest of processing, by imported the boundary of Makkah into the full 
downloaded images in order to extract the city of Makkah.  
Full image Makkah city 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
C) Land cover change detection 
Many methods and techniques have 
been used to detect the land cover 
change of the multi-temporal 
satellite images of Makkah in order 
to extract the urban caver change .  
we have applied the supervised 
classification technique in which the 
user selects representative samples 
for each land cover class in the 
digital image. These sample land 
cover classes are called “training 
sites”. The image classification 
software uses the training sites to 
identify the land cover classes in the 
entire image. The classification of 
land cover is based on the spectral 
signature defined in the training set. 
The digital image classification 
software determines each class on 
what it resembles most in the 
training set.  
  
Five land cover class we have identify;  
Urban, Street, Slope, Soil and Vegetation  
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Classification test 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Exporting the result to GIS 
After having the land cover classified using ENVI, we exported the result to GIS in order to 
start the analysis and apply some urban morphology indices   
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
1998 
2003 
2008 
2013 
Urban Cover class 
In a city such Makkah 
most of land cover 
change between 1998 
and 2013 have been 
occurred within the 
urban cover class and 
the roads network.  
Our focusing in this 
part is the urban 
cover change in order 
to measuring change 
by km2, the pattern 
and axis of change, 
comparison between 
the different part of 
Makkah, the Entropy 
and the compactness 
change … etc.   
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
1998 
Mina 
Total urban cover area 
77294700 m2 (77.29 Km2) 
Urban Cover 
City Center 
Mina 
Roads network 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Mina 
2003 
Total urban cover area 
90613800 m2 (90.61 Km2) 
 
Change Percentage 
 17.23 % 
Urban Cover 
City Center 
Mina 
Roads network 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Mina 
2008 
Total urban cover area 
106569900 m2 (106.56 Km2) 
 
Change Percentage 
 17.61  % 
Urban Cover 
City Center 
Mina 
Roads network 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Mina 
2013 
Total urban cover area 
121157550 m2 (121.15 Km) 
 
Change Percentage 
13.69 % 
Urban Cover 
City Center 
Mina 
Roads network 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Makkah urban cover change between 1998 and 2013  
1998 2003 2008 2013 
Year 1998 2003 2008 2013 
Built-up area change by Km2 77.29 90.61 106.56 121.16 
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Year 1998-2003  2003-2008 2008-2013 Total 1998 - 2013 
Change Percentage % 17.23% 17.61% 13.69% 56.75% 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
1998 
77294700 m2 
2013 
121157550 m2 
The total change percentage 
between 1998 and 2013 is (56.75%)  
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Urban Km2 
Year 1998 2013 Change % 
Urban Km2 77.29 121.16 56.75 
Note : 
The change between 2008 and 2013 is less than the 
change between 1998 – 2003 and between 2003-2008, 
because of the huge urban development projects 
started since 2011 which eliminate many slum areas 
located in the city center .   
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Northeast axis 
Riyadh Road 
Southeast axis 
Taif Road 
Southwest axis 
Jizan Road 
West axis 
Jeddah Road 
Northwest axis 
Al-madinah Road 
Urban Growth Direction   
As observed that most of 
the urban growth 
of Makkah concentrates on  
five main axes , the west, 
the northwest, the 
northeast, the southeast 
and the southwest .  
 
Those five axes are the 
direction of five important 
cities, Jeddah, Al-madinah, 
Riyadh, Taif and Jizan .  
 
The site of Mina is located 
between tow axes, the 
Northeast (Riyadh Road) 
and Southeast (Taif Road) . 
 
  
 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
In order to measure the 
urban cover change in 
each axis, we divide the 
urban cover into five 
parts according to the 
five axes and observe 
and calculate the urban 
cover change of each 
part to find out the 
percentage of change of 
the parts where the site 
of Mina is located .  
We called the five parts 
as; Northwest Part 
(NWP), Northeast Part 
(NEP), Southeast Part 
(SEP), Southwest Part 
(SWP) and West Part 
(WP) . 
Urban Growth Direction   
Mina 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Northwest Part (NWP) 
 Year  Urban km2  chg. % 
1998 16.36   
2003 18.28 11.7 
2008 21.29 16.45 
2013 22.87 7.46 
% from the total of 55.75 7.96 
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Northwest Part (NWP) 
 Year  Urban km2  Chg. % 
1998 16.02   
2003 19.22 19.96 
2008 23.9 24.34 
2013 30.3 26.78 
% from the total of 55.75 17.82 
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Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Southeast Part (SEP) 
 Year  Urban km2 chg. % 
1998 13.17   
2003 16.16 22.69 
2008 19.26 19.14 
2013 22.55 17.1 
% from the total of 55.75 14.23 
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Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Northwest Part (NWP) 
 Year  Urban km2 chg. % 
1998 15.15   
2003 17.35 14.55 
2008 20.16 16.21 
2013 23.48 16.46 
% from the total of 55.75 11 
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Northwest Part (NWP) 
 Year  Urban km2 chg. % 
1998 15.15   
2003 17.35 14.55 
2008 20.16 16.21 
2013 23.48 16.46 
% from the total of 55.75 11 
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Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Year  NWP NEP SEP SWP WP 
1998 16.36 16.02 13.17 15.15 15.04 
2003 18.28 19.22 16.16 17.35 16.24 
2008 21.29 23.9 19.26 20.16 18.6 
2013 22.87 30.3 22.55 23.48 18.59 
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Year  NWP NEP SEP SWP WP 
1998-2003 11.7 19.96 22.69 14.55 7.94 
2003-2008 16.45 24.34 19.14 16.21 14.57 
2008-2013 7.46 26.78 17.1 16.46 -0.07 
Total chg. 39.78 89.1 71.18 55.03 23.58 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Observation 
The below charts show the comparison 
between the areas and percentage of 
change for all parts.  
it is observed that the Northeast part 
(NEP) had more urban cover change 
than the other parts  and the (NEP) and 
(SEP) Parts where Mina is located have 
had higher percentage of change than 
the other parts during the last 20 years .  
that said, the parts where Mina is 
located have had more than the half of 
the total urban cover change of Makkah, 
therefore, the location of Mina is also 
getting higher importance within the 
urban growth of Makkah.  
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  1998 2013 chg km2 chg % Chg of 
55.51% 
Total 
All parts 75.74 117.79 42.05 55.51 
NEP 16.02 30.30 14.27 89.10 17.82 
32.06 
SEP 13.17 22.55 9.38 71.18 14.24 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
The Entropy Index  
Objective 
-To describe the structure and behavior of different 
systems such as the urban growth.  
-Identify and characterize the degree of spatial 
concentration or dispersion in a specific area . 
Methods 
By converting the urban cover into cells and apply 
a specific developed tool on GIS to calculate the 
correlation between each cell and its surrounded 
cells.  
The highest cell value will be 1 and the lowest will 
be 0, cells value close to zero indicate that there 
are more chance to change (high entropy) cells 
value close to one indicate that the change is hard 
(low entropy) .. For urban studies it is preferred to 
have more high entropy cells than low entropy 
cells ..  
 
Lowest entropy cell Highest entropy cell 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
NEP NWP SEP SWP WP 
High Entropy Cells 2499 2075 2006 2467 1115 
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Low entropy cells 6947 1444 1555 1297 1325 1508 
High Entropy cells 10021 2499 2075 2006 2467 1115 
Percentage % 69.32 57.78 74.94 64.66 53.71 135.25 
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Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
NEP NWP SEP SWP WP 
High Ent. 1998 2499 2075 2006 2467 1115 
High Ent. 2003 2670 2184 2261 2565 1171 
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High Entropy cells 10703 2670 2184 2261 2565 1171 
Percentage % 77.49 66.63 79.44 78.33 60.55 140.56 
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Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
NEP NWP SEP SWP WP 
High Ent. 1998 2499 2075 2006 2467 1115 
High Ent. 2003 2670 2184 2261 2565 1171 
High Ent. 2008 3170 2254 2700 2741 1502 
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Low entropy cells 9693 2175 2022 2031 1824 1847 
High Entropy cells 12231 3170 2254 2700 2741 1502 
Percentage % 79.25 68.61 89.71 75.22 66.55 122.97 
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Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
NEP NWP SEP SWP WP 
High Ent. 1998 2499 2075 2006 2467 1115 
High Ent. 2003 2670 2184 2261 2565 1171 
High Ent. 2008 3170 2254 2700 2741 1502 
High Ent. 2013 4118 2524 3561 2960 2280 
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Low entropy cells 10958 2785 2187 2332 2099 1712 
High Entropy cells 15229 4118 2524 3561 2960 2280 
Percentage % 71.95 67.63 86.65 65.49 70.91 75.09 
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0 
500 
1000 
1500 
2000 
2500 
3000 
3500 
4000 
4500 
1998 2003 2008 2013 
NWP 
NEP 
SEP 
SWP 
WP 
Observation 
0.00 
10.00 
20.00 
30.00 
40.00 
50.00 
60.00 
1998-2003 2003-2008 2008-2013 
NWP 
NEP 
SEP 
SWP 
WP 
Year  NWP NEP SEP SWP WP 
1998-2003 5.25 6.84 12.71 3.97 5.02 
2003-2008 3.21 18.73 19.42 6.86 28.27 
2008-2013 11.98 29.91 31.89 7.99 51.80 
Total chg. 39.78 89.1 71.18 55.03 23.58 
Year  NWP NEP SEP SWP WP 
1998 2075 2499 2006 2467 1115 
2003 2184 2670 2261 2565 1171 
2008 2254 3170 2700 2741 1502 
2013 2524 4118 3561 2960 2280 
As we can observed below that the parts of (NEP and SEP) where Mina located are the parts with the 
highest number of high entropy cells, that said, the opportunity of growing in these parts are higher 
than the other parts, which indicate that for the future urban growth of Mecca Mina will be inside the 
most growing parts of Mecca. On the other hand the percentage of change shows that the (WP) part 
had the highest change during last twenty years because of the demolish work in the central part of 
Mecca, and the (NEP and SEP) parts come next . 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Year  NWP NEP SEP SWP WP 
1998 16.36 16.02 13.17 15.15 15.04 
2003 18.28 19.22 16.16 17.35 16.24 
2008 21.29 23.9 19.26 20.16 18.6 
2013 22.87 30.3 22.55 23.48 18.59 
10 
15 
20 
25 
30 
35 
1998 2003 2008 2013 
WP 
NWP 
SWP 
NEP 
SEP 
-2 
0 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
1998-2003 2003-2008 2008-2013 
WP 
NWP 
SWP 
NEP 
SEP 
Urban cover area change by km2 
Year  NWP NEP SEP SWP WP 
1998-2003 11.7 19.96 22.69 14.55 7.94 
2003-2008 16.45 24.34 19.14 16.21 14.57 
2008-2013 7.46 26.78 17.1 16.46 -0.07 
Total chg. 39.78 89.1 71.18 55.03 23.58 
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1998-2003 5.25 6.84 12.71 3.97 5.02 
2003-2008 3.21 18.73 19.42 6.86 28.27 
2008-2013 11.98 29.91 31.89 7.99 51.80 
Total chg. 39.78 89.1 71.18 55.03 23.58 
High Entropy cells change 
Comparing the area change with the entropy values change for each part of Mecca  
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
1998 
The kernel density of the entropy value change indicate the direction of growth 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
2003 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
2008 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
2013 
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
- The urban cover change of Mecca shows that the parts where Mina located have 
gained higher importance than the other parts, that because of the higher change of 
the urban cover area and in the same time higher number of high entropy cells .  
 
-The central part have had the lowest urban cover change but have had the highest 
percentage of high entropy cells change.  
 
-The site of Mina during the last twenty years have not changed in its cover area neither 
in its entropy cells value , which indicate the opportunity to change the site of Mina to 
adapt the future need of Mecca growth is low .  But the surrounding areas have high 
opportunity to grow than the other parts of Mecca   
 
-The last slides show the Kernel density of the entropy value change which can indicate 
the direction of growth inside the parts where Mina is located and how that direction 
gives more importance to the sites of Mina within the future growth of Mecca .  
 
-Many others indexes can be applied to analyze the urban cover change and its impact 
on the site of Mina . 
Conclusion  
Author: Ayman Imam     PhD. Candidate at Barcelona Tech University, Urban Management PhD Program 
Future Plans  
 
-Participating in XXIII ISPRS CONGRESS, Prague 2016.  
 
- Publishing some articles related to the subject.  
 
- Trying to make some kind of collaboration between my university in Saudi Arabia and 
Barcelona tech university and Starlab company as well.   
 
 CLOSING REMARKS  
 
- The internship, and in general working at Starlab, provided interesting insight of how 
is urban remote sensing analysis and development is important nowadays for any 
academic or professional urban study  
 
- Simultaneously, it was a good opportunity to put in practice and develop further 
negotiation and organizational skills and refresh some concepts in Urban field required 
for the completion of my PhD Thesis  
 
- Last but not least, it was a great opportunity for developing personal networking 
activities and making contacts which may prove of value in the near future and to work 
with a fantastic team of very hard-working guys  
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